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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of

Korean Patent Application No. 10-2016-0122363, filed on
Sep. 23, 2016, which 1s hereby incorporated by reference for
all purposes as 1f fully set forth herein.

BACKGROUND

Field

The 1nvention relates generally to a display device, and,
more particularly, to a display device including a fingerprint
SEeNnsor.

Discussion of the Background

As 1nterest 1n displays and demand for portable informa-
tion media have increased, research 1n and commercializa-
tion of display devices have been attracted more attention.

Recently, a display device including a touch sensor for
mputting a touch of a user has been commercialized.
Accordingly, the user 1s more conveniently capable of using
the display device through the touch sensor.

In addition, recently, a display device with a remnforced
security function using fingerprints has been developed.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the inventive concepts, and, therefore, 1t may
contain information that does not form the prior art that 1s

already known 1n this country to a person of ordinary skill
in the art.

SUMMARY

Display devices constructed according to the principles of
the invention are capable of enhancing a security function of
the display device by including a fingerprint sensor having
improved sensitivity.

In addition, display devices constructed according to the
principles of the mvention having improved fingerprint
sensor sensitivity may be flexible display devices and may
be capable of sensing a touch position and a touch pressure.

Additional aspects will be set forth 1n the detailed descrip-
tion which follows, and, 1n part, will be apparent from the
disclosure, or may be learned by practice of the mnventive
concepts.

According to one aspect of the invention, a display device
includes: a substrate including a first area having a first light
transmittance and a second area adjacent to the first area
having a second light transmittance; a plurality of pixels
disposed on a first surface of the substrate; and a fingerprint
sensor disposed 1n the first area on a second surface of the
substrate. The first light transmittance 1s greater than the
second light transmittance.

The plurality of pixels may include at least one first pixel
in the first area and a second pixel 1n the second area.

The first pixel may include a light emitting area 1n which
an 1mage 1s displayed and a light transmaission area in which
a light 1s transmitted therethrough.

The first pixel may include at least one first sub-pixel
disposed 1n the light emitting area. The first sub-pixel may
include a first electrode disposed on the substrate; an emis-
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sion layer disposed on the first electrode; and a second
clectrode disposed on the emission layer.

The display device may further include an mnsulating layer
disposed between the substrate and the first electrode,
wherein the mnsulating layer extends into the transmission
area. The display device may further include at least one of
a pixel defining layer and passivation layer disposed above
the substrate, and wherein the msulating layer extends into
at least one of the pixel defining layer and the passivation
layer. In an exemplary embodiment, the first electrode and
the second electrode may extend across the transmission
area.

The first sub-pixel may further include at least one
structure selected from the group of a hole 1njection layer, a
hole transport layer, an electron transport layer, and an
clectron 1njection layer, the at least one structure being
disposed between the first electrode and the second elec-
trode, and wherein the at least one structured may extend
across the transmission area.

The second pixel may include at least one second sub-
pixel, and a size of the first sub-pixel 1s smaller than a size
of the second sub-pixel. According to an exemplary embodi-
ment, each of the first sub-pixel and the second sub-pixel
may emit one wavelength of light selected from the group of
red light, green light, and blue light.

The size of the first pixel may be the same as the size of
the second pixel, and the fingerprint sensor may be a photo
sensor or an ultrasonic sensor.

The display device may further include a first sensor
disposed on the substrate to sense a touch position input by
a user. Further, the first sensor may be a touch sensor of a
self-capacitance type or a touch sensor of a mutual-capaci-
tance type. The first sensor may include a first touch
clectrode; and a second touch electrode spaced apart from
the first touch electrode and forming a capacitance with the
first touch electrode.

The first touch electrode may have a mesh structure. The
first touch electrode may include a conductive polymer.

The display device may further include a second sensor
disposed on the first surface of the substrate spaced apart
from the first sensor and sensing a touch pressure.

The second sensor may 1nclude a conductive polymer.

i

T'he first sensor may have a hole 1n the first area and touch
clectrodes of the first sensor may be disposed 1n the second
area. Touch electrodes of the second sensor may include a
portion 1n the first area and a portion 1n the second area.

A sensing type of the first sensor may be diflerent from a
sensing type of the second sensor.

At least a portion of the display device may be flexible
and be bendable or rollable.

The light transmission area may be free of any light
emitting components.

The first surface may include a front surface of the
substrate and the second surface comprises a rear surface of
the substrate.

According to another aspect of the mvention, a display
device includes: a substrate including a first area having a
first light transmittance and a second area adjacent to the first
area having a second light transmittance; a plurality of pixels
disposed on a first surface of the substrate; and a first sensor
disposed on the first surface of the substrate to sense a touch
position; a second sensor disposed on the first surface of the
substrate spaced apart from the first sensor to sense pressure
applied by touch from a user; and a fingerprint sensor
disposed 1n the first area on a second surface of the substrate.
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The first area includes a light emitting area configured to
display an image and a light transmission area configured to

transmit light.

The transmission area may be ifree of any light emitting
components.

Accordingly, display devices constructed according to the
principles of the invention provide an enhanced security
function by including an improved fingerprint sensor.

Further, exemplary embodiments of the invention provide
a high-quality display device in which resolution of an area
including the fingerprint sensor 1s substantially the same as
resolution of an area not including the fingerprint sensor.

In addition, exemplary embodiments of the invention
provide a display device which 1s capable of sensing a touch
position and a touch pressure while sensing the fingerprint
thereby enhancing convenience of use.

The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the inventive concepts, and
are incorporated 1n and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concepts,
and, together with the description, serve to explain prin-
ciples of the inventive concepts.

FIG. 1A 1s a plan view of a display device constructed
according to the principles of the imvention.

FIG. 1B 1s a cross-sectional view taken along a line I-I' of
FIG. 1A.

FI1G. 2 1s a block diagram graphically 1llustrating some of
the components of an exemplary display device according to
exemplary embodiments.

FIG. 3 1s a plan view 1illustrating an exemplary display
panel constructed according to the principles of the imnven-
tion.

FIG. 4A 1s a plan view 1illustrating a first pixel of FIG. 3
rotated by 90 degrees from the position shown in FIG. 3.

FI1G. 4B 1s a cross-sectional view of a first embodiment of
the first pixel taken along a line II-II' of FIG. 4A.

FI1G. 4C 1s a cross-sectional view of a second embodiment
of the first pixel taken along a line II-I1I' of FIG. 4A.

FIG. SA 15 a plan view 1illustrating a second pixel in FIG.
3 rotated by 90 degree s from the position shown in FIG. 3,
and FIG. 5B 1s a cross-sectional view taken along a line
[II-1IT' of FIG. 5A.

FIG. 6 1s a cross-sectional view of an exemplary display
device taken along a line corresponding to a line I-I' of FIG.
1.

FI1G. 7 1s a block diagram graphically 1llustrating some of
the components of an exemplary display device according to
exemplary embodiments.

FIG. 8A 1illustrates an exemplary first sensor of a seli-
capacitance type that may be used 1n display devices of the
invention.

FIG. 8B illustrates an exemplary first sensor of a mutual-
capacitance type that may be used 1n display devices of the
invention.

FIG. 9 1s a cross-sectional view of another exemplary
display device taken along a line corresponding to a line I-I'
of FIG. 1.

FIG. 10 1s a block diagram graphically illustrating some
of the components of an exemplary display device according
to exemplary embodiments.
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FIGS. 11A to 11C are plan views 1illustrating a second
sensor according to exemplary embodiments.

FIG. 12 1s a cross-sectional view of another exemplary
display device taken along a line corresponding to a line I-I'
of FIG. 1.

FIG. 13 1s a plan view illustrating a first sensor in the
display device of FIG. 12.

FIG. 14 1s a perspective view 1llustrating a display device
constructed according to the principles of the invention.

FIG. 15A 1s a cross-sectional view 1llustrating the display
device of FIG. 14 1n a folded position.

FIG. 15B 1s a cross-sectional view 1llustrating the display
device of FIG. 14 1n a rolled position.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

(L]

In the following description, for the purposes of expla-
nation, numerous specific details are set forth 1 order to
provide a thorough understanding of various exemplary
embodiments. It 1s apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other 1instances, well-known structures and devices are
shown 1n block diagram form 1n order to avoid unnecessarily
obscuring various exemplary embodiments.

In the accompanying figures, the size and relative sizes of
layers, films, panels, regions, etc., may be exaggerated for
clanity and descriptive purposes. Also, like reference numer-
als denote like elements.

When an element or layer 1s referred to as being “on,”
“connected to,” or “coupled to” another element or layer, 1t
may be directly on, connected to, or coupled to the other
clement or layer or intervening elements or layers may be
present. When, however, an element or layer 1s referred to as
being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no interven-
ing eclements or layers present. For the purposes of this
disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and Z7Z. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

Although the terms first, second, etc. may be used herein
to describe various elements, components, regions, layers,
and/or sections, these elements, components, regions, layers,
and/or sections should not be limited by these terms. These
terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, laver,
and/or section without departing from the teachings of the
disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or
feature(s) as illustrated 1n the drawings. Spatially relative
terms are mtended to encompass diflerent orientations of an
apparatus 1n use, operation, and/or manufacture in addition
to the orientation depicted 1n the drawings. For example, 1
the apparatus in the drawings 1s turned over, elements
described as “below™ or “beneath” other elements or fea-
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tures would then be oriented “above” the other elements or
teatures. Thus, the exemplary term “below” can encompass
both an orientation of above and below. Furthermore, the
apparatus may be otherwise oriented (e.g., rotated 90
degrees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.
The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not itended to be limit-

ing. As used herein, the singular forms, “a,” “an,” and “the”

are mtended to include the plural forms as well, unless the
context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereol.

Various exemplary embodiments are described herein
with reference to sectional illustrations that are schematic
illustrations of 1dealized exemplary embodiments and/or
intermediate structures. As such, variations from the shapes
of the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, for 1nstance, manufacturing. For example, an
implanted region 1illustrated as a rectangle will, typically,
have rounded or curved features and/or a gradient of implant
concentration at 1ts edges rather than a binary change from
implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implan-
tation 1n the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated 1n the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.,

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
context of the relevant art and will not be interpreted in an
idealized or overly formal sense, unless expressly so defined
herein.

FIG. 1A 1s a plan view of a display device constructed
according to the principles of the invention, and FIG. 1B 1s
a cross-sectional view taken along a line I-I' of FIG. 1A.
FIG. 2 1s a block diagram graphically 1llustrating some of the
components of an exemplary display device according to
exemplary embodiments.

Referring to FIGS. 1A, 1B and 2, an exemplary display
device DP includes a display panel PNL and a window WD
disposed on a front surface of a display panel PNL.

The display panel PNL displays arbitrary visual informa-
tion, for example a text, a video, a photo, 2 dimension or 3
dimension 1mage, etc. to the front surface. The type of the
display panel PNL that displays the image 1s not particularly
important and the mvention 1s not limited to a specific type
of display device.

Thus, 1n an exemplary embodiment, the display panel
PNL 1s described as an organic light emitting display panel
as an example. However, the kind of the display panel PNL
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1s not limited thereto, and other display panels PNL may be
used 1n a scope of the mvention.

The display panel PNL may be provided various shapes,
for example a rectangular-plate shape having two pairs of
sides parallel with each other. In the case where the display
panel PNL 1s provided as the rectangular—plate shape, one
pair of sides selected from two pairs of sides may be longer
than the other pair of sides. In an exemplary embodiment,
the shape of the display panel PNL 1s described as a
rectangular shape having a pair of long sides and a pair of
short sides for convenience of description.

However, the shape of the display panel PNL 1s not
limited thereto, and the display panel PNL may have various
shapes. For example, the display panel PNL may have
various shapes such as an closed polygon including a side
made of a straight line, a circle, an ellipse, and the like
including a side made of a curved line, and a semicircle, a
semi-ellipse, and the like including a side made of a straight
line and a curved line. In an exemplary embodiment, when
the display panel PNL has sides made of a straight line, at
least a portion of edges of each shape may be made of the
curved line. For example, when the display panel PNL has
a rectangular shape, a portion, at which adjacent straight
lines meet each other, may be replaced with a curved line
having a predetermined curvature. That 1s, an apex of a
rectangular shape may be made of a curved side of which
opposite side adjacent to each other 1s connected to two
straight sides and which has a predetermined curvature.

The curvature may be varied according to position. For
example, the curvature may be varied according to a starting
position of the curved line, a length of the curved line, eftc.

An entire portion or at least one portion of the display
panel PNL may have flexibility as 1s known in the art. For
example, the display panel PNL may have flexibility 1n an
entire area, or may have flexibility 1n one area corresponding
to a flexible area.

The display panel PNL may display an image on a front
surface. The display panel PNL includes a display area DA
displaying an image via a display unit PP and a non-display
arca NDA disposed at least one side of the display area DA.
For example, the non-display area NDA may enclose the
display area DA.

The shape of the display area DA may correspond to the
shape of the display device DP. For example, like the shape
of the display device DP, the display arca DA may have
various shapes such as a closed polygon including a side
made of a straight line, a circle, an ellipse, and the like
including a side made of a curved line, and a semicircle, a
semi-ellipse, and the like including a side made of a straight
line and a curved line. In exemplary embodiments, the
display area DA may have a rectangular shape.

The display panel PNL 1ncludes a first area A1l for sensing,
the fingerprint and a second area A2 adjacent to the first area
Al. In exemplary embodiments, the size of the first area Al
may be smaller than the size of the second area A2. The first
arca A1 may have a size and a shape which are capable of
sensing a fingerprint of a user with means known 1n the art.
In exemplary embodiments, the first area Al 1s shown and
described as a rectangular shape for convenience of descrip-
tion, but 1s not limited thereto, and could have other shapes,
such as a circle, an ellipse, a semicircle, a polygon, etc. The
first area A1 may be enclosed by the second area A2, but 1s
not limited thereto. In exemplary embodiments, the first area
A1l may be only disposed at one side of the second area A2.
The first area A1 may be disposed in the display area DA.
The second area A2 may be disposed 1n the display area DA
and the non-display area NDA. However, the position of the
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first area A1 and the second area A2 are not limited thereto,
and the first area A1 and the second area A2 may be disposed

in various positions. For example, a portion of the first area
Al may be disposed 1n the non-display area NDA. Alterna-
tively, both first area Al and second areca A2 may be 5
disposed only 1n the display area DA.

In exemplary embodiments, 1n order to sense the finger-
print through the first area Al, the first area transmits more
light therethrough than the second area. In exemplary
embodiments, as the light transmittance of the first area A1 10
1s higher than the light transmittance of the second area, the
sensing power and sensitivity of the fingerprint sensor,
described below, may be improved.

A window WD 1s disposed on a front surface of the
display panel PNL. The window WD has a plate-like shape 15
corresponding to the shape of the display panel PNL and
covers at least one portion of the front surface of the display
panel PNL. For example, when the display panel PNL has a
rectangular shape, the window WD has also a rectangular
shape corresponding to the display panel PNL. In addition, 20
when the display panel PNL has a circle shape, the window
WD has also a circle shape corresponding to the display
panel PNL.

The window WD transmits an image emitted from the
display panel PNL and simultaneously protects against 25
impact from the outside, thereby preventing the display
panel PNL from being damaged or malfunction. Term “the
impact from the outside” means external power such as a
pressure, a stress, or the like, that may cause defects 1n the
display panel PNL. 30

An entire portion or at least one portion of the window
WD may have flexibility. For example, the window WD may
have flexibility 1n an entire area, or may have flexibility in

one area corresponding to a flexible area.

In detail, the display panel PNL includes a substrate SUB, 35
a display unit PP disposed on a front surface of the substrate
SUB, and a fingerprint sensor FPS disposed on a rear surface
of the substrate SUB.

The substrate SUB may be made of an insulating material
such as a quartz, a synthetic quartz, a calcium fluoride, a 40
fluorine-doped quartz, a soda-lime glass, a non-alkali glass,

a resin, etc. In addition, the substrate SUB may be made of
a flexible material so as to be bendable or foldable, and may
have a single-layer structure or a multi-layer structure.

For example, the substrate SUB may include at least one 45
material selected from polystyrene, polyvinyl alcohol,
polymethylmethacrylate, polyethersulione, polyacrylate,
polyetherimide, polyethylene naphthalate, polyethylene
terephthalate, polyphenylene sulfide, polyarylate, polyim-
ide, polycarbonate, triacetate cellulose, and cellulose acetate 50
propionate. However, the material forming the substrate
SUB may be variously changed, and the substrate SUB may
be made of a glass fiber reinforced plastics (GFRP), or other
materials known 1n the art.

In exemplary embodiments, the substrate SUB may be a 55
polyimide substrate. The polyimide substrate may be made
of a first polyimide layer, a barnier film layer, a second
polyimide layer, etc. When the polyimide substrate 1s thin
and flexible, the polyimide substrate may be formed on a
hard carrier substrate to support a light emitting structure. 60

That 1s, 1n exemplary embodiments, the substrate SUB
may have a structure 1n which the first polyimide layer, the
barrier film layer, and the second polyimide layer are stacked
on the carrier substrate. For example, after an insulating
layer 1s formed on the second polyimide, a thin film tran- 65
sistor, a light emitting element, and the like may be formed
on the insulating layer.

8

After forming this light emitting structure, the carrier
substrate may be removed. Since the polyimide substrate 1s
thin and flexible, the light emitting structure may be diflicult
to be formed on the polyimide substrate. Considering this,
alter forming the light emitting structure by using a rigid
carrier substrate, the carrier substrate 1s removed, thereby
using the polyimide substrate as the substrate SUB.

The substrate SUB has a front surface and a rear surface
opposite to the front surface.

Since the substrate SUB 1s a portion of the display panel
PNL, each of areas of the substrate SUB 1s described as
corresponding to each of the display areca DA, the non-
display area NDA, the first area Al, and the second area A2
refers the display area DA, the non-display area NDA, the
first area Al, and the second area A2 for convenience of
description.

The display umit PP may be disposed on the front surface
of the substrate SUB. In exemplary embodiments, the dis-
play unit PP may be disposed 1n the display area DA except
the non-display area NDA. The display unit PP 1s disposed
in each of the first areca Al and the second area A2.

The display unit PP displays information input by a user
or mformation providing to the user as an 1mage as known
in the art. In other words, the display unit PP displays data
input by a user and the result of an operation performed by
the user and/or a reaction according to the input data. The
display unit PP will be described later.

The fingerprint sensor FPS 1s disposed on the rear surface
of the substrate SUB, and may be any number of known
clements for sensing the fingerprint of the user, as discussed
below. The fingerprint sensor FPS 1s only disposed in the
first area A1l of the rear surface of the substrate SUB and is
not disposed 1n the second area A2. The fingerprint sensor
FPS may be connected to a sensor control unit SC through
a separate wire, a flexible printed circuit substrate, a tape
carrier package, a connector, a chip on film, or other means
known 1n the art. The fingerprint sensor FPS may be a photo
sensor or an ultrasonic sensor. The fingerprint sensor accord-
ing to exemplary embodiments may be a photo sensor, and
the photo sensor may recognize a fingerprint by distinguish-
ing a wavelength of reflected light changed according to a
ridge or a valley of the fingerprint which contacts the display
panel PNL of the display device DP. The fingerprint sensor
FPS may recognize the fingerprint not only when a finger of
the user 1s 1 contact therewith, but also when the finger
moves 1nto a state of being in contact therewith. However,
the fingerprint sensor FPS according to exemplary embodi-
ments 1s not limited thereto, and may include various types.
For example, the fingerprint sensor may be a capacitive type,
a heat sensing type, a non-contact type, or other types of
fingerprint sensors known 1n the art.

Referring to FIG. 2, the display device DP according to
exemplary embodiments may further include a sensor con-
trol unit SC and a display driving unit PC.

The sensor control unit SC may control an operation of
the fingerprint sensor FPS, and may sense a vaniation of light
in the fingerprint sensor FPS, thereby sensing the fingerprint
of the user.

The display drniving unit PC provides an image driving
signal to the display panel PNL, thereby controlling an
image display operation of the display panel PNL. For this
purpose, the display driving unit PC may generate the image
driving signal by using an image data and a control signal
provided from the outside. For example, the display driving
unit PC may be provided the image data and the control
signal from a host (not shown), and the control signal may
have a vertical synchronization signal, a horizontal synchro-
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nization signal, a main clock signal, and the like. In addition,
the image driving signal may include a scan signal and a data
signal generated by using the image data.

The sensor control unit SC and the display driving unit PC
may be integrated into a single configuration. For example,
the sensor control unit SC and the display driving unit PC
may be disposed 1n a single IC (integrated circuit).

FIG. 3 1s a plan view 1llustrating an exemplary a display
panel constructed according to the principles of the inven-
tion. Specifically, FIG. 3 shows a display unit PP (referring
to FIG. 1B) of a display panel PNL.

Referring to FIG. 3, the display unit PP includes a first
arca Al for sensing the fingerprint and the second area A2
adjacent to the first area Al. The first pixel PX1 1s disposed
in the first area A1, and the second pixel PX2 1s disposed 1n
the second area A2.

In exemplary embodiments, the size of the first pixel PX1
in the first area A1 may be substantially the same as the size
of the second pixel PX2 1n the second area A2. Therelore,
the number of first pixels PX1 per unit area in the first area
Al may be substantially the same as the number of second
pixels PX2 per unit area in the second area A2. Accordingly,
the resolution of an area (i.e., the first area Al) 1n which the
fingerprint sensor 1s disposed may be substantially the same
as the resolution of an area (i.e., the second area A2) 1n
which the fingerprint sensor 1s not disposed.

FIG. 4A 1s a plan view 1illustrating a first pixel of FIG. 3
rotated by 90 degrees from the position shown in FIG. 3, and
FIG. 4B 1s a cross-sectional view of a first embodiment of
the first pixel taken along a line of FIG. 4A.

First, referring to FIG. 3, in the display device DP
according to exemplary embodiments, the display unit PP
includes a plurality of pixels disposed in the display area
DA. The plurality of pixels may be arranged as a matrix
form having a row and a column. However, the pixels may
be arranged 1n a different form from the matrix form, and in
exemplary embodiments, pixels being arranged in regular
rows and the columns are illustrated as an example for
convenience ol description.

The pixels according to exemplary embodiments include
at least one first pixel PX1 disposed 1n the first area Al and
at least one second pixel PX2 disposed 1n the second area
A2. Each of the first pixel PX1 and the second pixel PX2
may be in plural. The number of the pixels according to
exemplary embodiments 1s set for convenience of descrip-
tion, the first pixel PX1 of a number more than an illustrated
number may be provided in the first area Al, and the second
pixel PX2 of a number more than an illustrated number may
be provided 1n the second area A2.

Next, referring to FIGS. 4A and 4B, the first pixels PX1
are disposed in the first area Al. Each of the first pixels PX1
includes at least one first sub-pixel. In exemplary embodi-
ments, the first pixel PX1 may include three first sub-pixels
SP1, SP2, and SP3. However, the number of sub-pixels of
the first pixel PX1 i1s not limited thereto. Three first sub-
pixels SP1, SP2, and SP3 may be a blue sub-pixel, a green
sub-pixel, and a red sub-pixel emitting respectively blue
light, green light, and red light. However, the color of each
of the first sub-pixels 1s not limited thereto, and the color of
cach of the first sub-pixels may be a color diflerent from the
color as described above, for example, magenta light, yellow
light, cyan light, white light, or the like.

The first area A1 has a light emitting areca EA in which
light 1s emitted and a transmission area in which light 1s
transmitted only and not emitted. The light emitting area EA
and the transmission area TA may be disposed 1n each of the
first pixels PX1, and one transmission area TA and three
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light emitting areas EA are shown and described as being
disposed 1n each of the first pixels PX1 in FIGS. 4A and 4B

for ease of 1llustration.

In exemplary embodiments, three light emitting areas EA
are sequentially arranged in one direction (e.g., a horizontal
direction 1n the drawing). The transmission area TA extends
in one direction, e.g., horizontal as in the drawing. The light
emitting area EA and the transmission area TA may have
various shapes and numbers. For example, the light emitting
area EA and the transmission area TA may be arranged 1n
other directions (e.g., a vertical direction) different from one
direction 1llustrated. In exemplary embodiments, the trans-
mission area TA are also provided in plural, for example,
three, and a plurality of transmission areas TA may be also
disposed 1n one direction. Alternatively, the transmission
area TA and the light emitting areca EA may be alternately
disposed 1n one direction. In exemplary embodiments, each
of the transmission area TA and the light emitting area EA
1s 1llustrated as a quadrangle, but 1s not limited thereto, and
may have various shapes such as a polygon, a circle, or the
like. The first sub-pixels may be disposed 1n each of the light
emitting area EA. In other words, the first sub-pixels SP1,
SP2, and SP3 may be disposed 1n the light emitting area EA
except the transmission area TA.

The transmission area TA may have opening OPN so that
light passes through the transmission area TA, and light 1s
not emitted since the first sub-pixels are not disposed
therein. The transmission area TA forms a path through
which light or an ultrasonic wave moves to the fingerprint
sensor FPS without interference from emitted light from a
pixel.

Referring to FIG. 4B, the first pixel PX1 will be described

below according to a stacking order.

The first sub-pixel 1s disposed 1n the light emitting area
EA of the first pixel PX1.

The first sub-pixel according to exemplary embodiments
may include an msulating layer, a pixel definition layer PDL,
a thin film transistor TFT, a light emitting element, and a
cover layer CV disposed on the substrate SUB. Herein, a
thin film transistor TFT may include an active pattern ACT,
a gate electrode GE, a source electrode SE, and a drain
clectrode DE. The insulating layer may include a buifler
layer BE, a gate msulating layer GI, an interlayer insulating
layer IL, and a passivation layer PSV. The light emitting
clement may include a first electrode ELL1, a second elec-
trode EL2, and an organic layer disposed between the first
clectrode EL1 and the second electrode EL2.

The bufler layer BF 1s disposed on the substrate SUB.

The bufler layer BF may prevent metal atoms or impu-
rities from spreading from the substrate SUB, and during a
crystallization process for forming the active pattern ACT,
may control the speed of heat transier, thereby obtaining a
substantially uniform active pattern ACT. In addition, 1n the
case where a surface of the substrate SUB 1s not uniform, the
bufler layer BF may improve flatness of the surface of the
substrate SUB. According to the type of the substrate SUB,
two or more buller layers BF may be provided, or the bufler
layer BF may be not provided on the substrate SUB.

The active pattern ACT 1s disposed on the bufler layer BF.
The active pattern ACT may include an oxide semiconduc-
tor, an 1norganic semiconductor (1.e., amorphous silicon,
poly silicon), an organic semiconductor, or the like.

The gate msulating layer GI may be disposed on the active
pattern ACT. The gate msulating layer GI covers the active
pattern ACT. The gate msulating layer GI may be entirely
disposed on the substrate SUB. The gate insulating layer GI
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may be made of various insulating materials known 1in the
art, such as a silicon oxide, a silicon nitride, a metal oxide,
or the like.

The gate electrode GE may be disposed on a portion of the
gate isulating layer GI corresponding to the active pattern
ACT disposed therebelow. The gate electrode GE may be
made of a metal, an alloy, a metal nitride, a conductive metal
oxide, a transparent conductive material, or the like.

The interlayer insulating layer IL may be disposed on the
gate electrode GE. The interlayer mnsulating layer IL may
cover the gate electrode GE 1n the light emitting area EA,
and may extend 1n one direction of the substrate SUB. That
1s, the interlayer insulating layer IL may be entirely disposed
on the substrate SUB. The interlayer insulating layer 1L may
include a silicon compound, a metal oxide, or the like.

The source electrode SE and the drain electrode DE may
be disposed on the interlayer insulating layer IL. The source
clectrode SE and the drain electrode DE may pass through
a portion of both the gate insulating layer GI and the
interlayer insulating layer IL, thereby being respectively
connected to one side and other side of the active pattern
ACT. Each of the source electrode SE and the drain elec-
trode DE may include a metal, an alloy, a metal nitride, a
conductive metal oxide, a transparent conductive material,
or the like.

The passivation layer PSV may be disposed on the source
clectrode SE and the drain electrode DE. The passivation
layer PSV may cover the source electrode SE and the drain
clectrode DE 1n the light emitting area EA, and may extend
in one direction on the substrate SUB. That 1s, the passiva-
tion layer PSV may be entirely disposed on the substrate
SUB. The passivation layer PSV may include a silicon
compound, a metal oxide, or the like.

The first electrode ELL1 may be disposed on the passiva-
tion layer PSV. The first electrode ELL1 may pass through a
portion of the passivation layer PSV, thereby being con-
nected to the drain electrode DE. The first electrode EL1
may include a metal, an alloy, a metal nitride, a conductive
metal oxide, a transparent conductive matenal, or the like.

The pixel definition layer PDL may be disposed on the
passivation layer PSV while exposing a portion of the first
clectrode EL1. The pixel definition layer PDL may be made
ol an organic material or an mmorganic material. In this case,

the organic layer may be disposed on the first electrode ELL1
of which at least a portion 1s exposed by the pixel definition
layer PDL.

The organic layer may include a hole injection layer HIL,
a hole transport layer HIL, an emission layer EML, an
clectron transport layer ETL, and an electron injection layer
EIL. Like this exemplary embodiment, the hole 1njection
layer HIL, the hole transport layer HTL, the electron trans-
port layer ETL, and electron imjection layer EIL all may be
formed, but in other embodiments one or two layers thereof
may be omitted. The emission layer may emit light of
various colors based on the type of sub-pixel. The emission
layer may emit for example, at least one wavelength selected
from red light, blue light, and red light, but embodiments are
not limited thereto. The emission layer may emit other color
light.

The second electrode FLL2 may be disposed on the pixel
definition layer PDL and the orgamic layer. The second
clectrode EL2 may cover the pixel definition layer PDL and
the organic layer, and may extend in one direction on the
substrate SUB. The second electrode EL2 may be made of
a metal, an alloy, a metal nitride, a conductive metal oxide,
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a transparent conductive material, or other materials known
in the art. These may be used alone or in combination with
cach other.

The cover layer CV 1s disposed on the second electrode
EL2.

The cover layer CV may be made of a single layer or a
multi-layer. In exemplary embodiments, the cover layer CV
may be made of a triple-layer. The cover layer CV may be
made of an organic material and/or an inorganic material.
The cover layer CV disposed at the outermost may be made
of an inorganic material. In exemplary embodiments, the
cover layer CV may be made of an inorganic material/an
organic material/an inorganic material, but 1s not limited
thereto. The organic material may include an organic insu-
lating material such as a polyacryl compound, a polyimide
compound, a fluorine carbon compound like a teflon, a
benzocyclobutene compound, or the like, and the morganic
material may include a polysiloxane, a silicon mitride, a
silicon oxide, silicon oxynitride, or the like.

Although not shown, an encapsulation layer may be
turther disposed on the cover layer CV. The encapsulation
layer may be provided as a plate-shaped glass or a polymer
film. The encapsulation layer may protect elements between
the substrate SUB and the encapsulation layer from the
outside.

The opening OPN 1s disposed 1n the transmission area TA
of the first pixel PX1. The opening OPN may be formed by
removing at least a portion of the insulating layer and
clements for emitting light. For example, the opening OPN
may be formed by the interlayer insulating layer IL, the
passivation layer PSV, the pixel definition layer PDL, sec-
ond electrode FL.2, or the like. However, the elements
removed from the opening OPN are not limited thereto, for
example, the gate msulating layer GI or the bufler layer BF
may be removed.

By forming the opening OPN 1n the transmission area TA
of the first pixel PX1 1n the first area Al, light passing
through the opening OPN from an upper side to a lower side
(e.g. ambient light) may directly reach the fingerprint sensor
FPS 1n the first area Al, or light may pass through the
opening OPN from the fingerprint sensor FPS to the upper
side (provided that the fingerprint sensor FPS can emit light.

In exemplary embodiments, the transmission area TA may
have a different shape from a shape described above.

FIG. 4C 1s a cross-sectional view of a second embodiment
of the first pixel PX1 taken along a line II-IP of FIG. 4A.
Hereinafter, in order to avoid repetitive description, only the
differences from the first, exemplary embodiment described
above will be mainly described. In addition, 1t an element
that functions substantially identically with a previously
described element will be indicated by the same reference
number.

Referring to FIGS. 4A and 4C, the first sub-pixel 1s
disposed in the light emitting area EA of the first pixel PX1.

The first sub-pixel according to exemplary embodiments
may include an insulating layer, a pixel definition layer PDL,
a thin film transistor TFT, a light emitting element, and a
cover layer CV disposed on the light emitting area EA 1n the
substrate SUB. Herein, a thin film transistor TFT may
include an active pattern ACT, a gate electrode GE, a source
clectrode SE, and a drain electrode DE. The insulating layer
may include a bufler layer BE, a gate isulating layer GI, an
interlayer isulating layer IL, and a passivation layer PSV.
The light emitting element may include a first electrode EL1,
a second electrode EL2, and an organic layer disposed
between the first electrode ELL1 and the second electrode

EL2.
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The 1nsulating layer and the first electrode ELL1 may be
disposed on transmission area TA i1n the substrate SUB.
More particularly, the bufler layer BF, the gate insulating
layer GI1, the mterlayer insulating layer IL, the passivation
layer PSV, and the first electrode ELL1 may be sequentially
stacked.

Each of the bufler layer BF, the gate insulating layer Gl,

the interlayer insulating layer IL, the passivation layer PSV,
and first electrode ELL1 may have a shape extending from the
light emitting area EA.
In the pixel definition layer PDL, an opening 1s formed so
that the first electrode EL1 corresponding to the light
emitting arca EA 1s exposed. Further, 1n the pixel definition
layer PDL, an opening 1s formed so that the first electrode
EL1 corresponding to the transmission area TA 1s exposed.
A portion of the organic layer except for the emission layer
EML may be sequentially disposed on the first electrode
EL1 exposed in the transmission areca TA. That 1s, at least
one layer selected from the hole injection layer HIL, a hole
transport layer HTL, an electron transport layer ETL, and an
clectron 1njection layer FIL may be disposed on the first
clectrode EL1 1n the transmission area TA.

Since the organic layer does not include the emission
layer EML emuitting a light, the organic layer 1s entirely
transparent. Therefore, light may pass through the organic
layer.

Elements of each of the light emitting area EA and the
transmission area TA may be formed by or in the same
process. For example, in the case of forming the organic
layer, the hole injection layer HIL except for the emission
layer EML, the hole transport layer HTL, the electron
transport layer ETL, and the electron imjection layer EIL
may be simultaneously formed 1n the light emitting area EA
and the transmission area TA, and the emission layer EML
may be only formed 1n the light emitting areca EA.

FIG. 5A 15 a plan view 1llustrating a second pixel PX2 of
FIG. 3 rotated by 90 degrees from the position shown 1n
FIG. 3, and FIG. 5B is a cross-sectional view taken along a
line of FIG. 5A.

Referring to FIGS. 5A and 5B, 1n the second pixel PX2,
the light emitting area EA 1s provided, but the transmission
area TA 1s not provided. The light emitting area EA may be
provided 1 each of second pixels PX2, and three light
emitting areas EA may be provided 1n one pixel in FIG. 5A.

In exemplary embodiments, three light emitting arecas EA
may be sequentially arranged in one direction (e.g., a
horizontal direction 1n a drawing). However, the light emait-
ting areca EA may be disposed with various shapes and
numbers. For example, the light emitting area EA may be
arranged 1n other direction (e.g., a vertical direction) difler-
ent from one direction 1llustrated. In exemplary embodi-
ments, the light emitting area EA 1s illustrated as a quad-
rangle, but 1s not limited thereto, and may have various
shapes such as a polygon, a circle, or the like.

Referring to FIG. 5A again, three second sub-pixels SP1',
SP2', and SP3' may be provided in the light emitting area
EA. The second sub-pixels may be provided in each of the
light emitting area EA.

The second sub-pixel according to exemplary embodi-
ments may iclude a bufler layer BE, a gate msulating layer
(I, an mnterlayer msulating layer IL, a passivation layer PSV,
a pixel defimition layer PDL, a thin film transistor TF'T, a
light emitting element, and a cover layer CV disposed on the
substrate SUB. Herein, a thin film transistor TFT may
include an active pattern ACT, a gate electrode GE, a source
clectrode SE, and a drain electrode DE. The light emitting
clement may include a first electrode ELL1, a second elec-

5

10

15

20

25

30

35

40

45

50

55

60

65

14

trode EL2, and an organic layer disposed between the first
clectrode ELL1 and the second electrode EL2. The organic
layer may include a hole injection layer HIL, a hole transport
layer HTL, an emission layer EML, an electron transport
layer ETL, and an electron injection layer EIL.

The second sub-pixel has substantially the same structure
as the first sub-pixel as shown 1n FI1G. 4C except for the pixel
definition layer PDL and the light emitting element. How-
ever, the second sub-pixel does not have a portion corre-
sponding to the transmission area (TA; referring to FIG. 4C)
unlike the first sub-pixel shown 1n FIG. 4C, and has a shape
in which 1s the light emitting area (EA; referring to FI1G. 4C)
extends. The size of the second sub-pixel may be larger than
the size of the first sub-pixel. Even though the size of the first
pixel PX1 1s substantially the same as the size of the second
pixel PX2, since the transmission area TA 1s disposed in the
first pixel PX1, the size of the light emitting area EA of the
first pixel PX1 1s smaller than the size of the light emitting
area EA of the second pixel PX2. Accordingly, the size of the
first sub-pixel disposed in the light emitting area EA of the
first pixel PX1 i1s smaller than the size of the second
sub-pixel disposed 1n the light emitting area EA of the
second pixel PX2.

In the second sub-pixel, the pixel definition layer PDL 1s
disposed along an edge of the light emitting area EA, and the
organic layer 1s disposed in the pixel definition layer PDL.

In the display device DP having a structure described
above, the transmittance of light through the first area A1, 1n
which the fingerprint sensor 1s disposed, 1s greater than the
transmittance of light through the second area A2, in which
the fingerprint sensor FPS 1s not disposed. Therefore, the
fingerprint sensor FPS may easily sense a fingerprint of a
user.

In exemplary embodiments, the case where a diflerence 1n
light transmittance 1s realized by allowing the size of the
sub-pixels 1n the first area Al to be less than the size of the
sub-pixels 1 the second area A2, has been described, but
embodiments of the mvention are not limited thereto. The
difference 1n transmittance may be realized by other means
known 1n the art, e.g., by modilying the wire structure, eftc.
in the first area A1 and the second area A2, 1n addition to or
instead of the method described above. For example, the
difference in transmittance between the first area Al and the
second area A2 may be realized by relatively narrowly
forming the width of a wire 1n the first area Al and relatively
widely forming the width of the wire 1n the second area A2.

In addition, in exemplary embodiments, 1t 1s described
that by removing a portion of the msulating layer, the light
transmittance of the first area Al 1s improved, but the
invention 1s not limited thereto, and the difference of the
transmittance may be realized other means known 1n the art,
¢.g., by controlling the thickness of each of the bufler layer
BEF, the gate mnsulating layer GI, the interlayer insulating
layer IL, the passivation layer PSV and/or the cover layer
CV 1n the first area Al and the second area A2.

When there 1s a touch by a user 1n the first area Al, the
display device DP having a structure described above may
recognize a fingerprint of the user by using the fingerprint
sensor FPS disposed 1n the rear surface of the substrate SUB.
For example, in the case where the fingerprint sensor FPS 1s
a photo sensor, since light passes through the transmission
area TA of the first area Al, the fingerprint of the user may
be sensed by sensing the light. In addition, in the case where
the fingerprint sensor FPS 1s an ultrasonic sensor, since an
ultrasonic wave passes through the transmission area TA of
the first area Al, the fingerprint of the user may be sensed
by sensing the ultrasonic wave.
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The display device DP according to exemplary embodi-
ments may further include other sensor elements to sense a
touch position of a user 1n addition to the elements described
above.

FIG. 6 1s a cross-sectional view of an exemplary display
device DP taken along a line corresponding to a line I-I' of
FIG. 1. FIG. 7 1s a block diagram graphically illustrating
some of the components of an exemplary display device DP
according to exemplary embodiments.

Referring to FIGS. 6 and 7, a display panel PNL of the
display device DP according to exemplary embodiments
includes a substrate SUB, a display umit PP disposed on the
substrate SUB, a first sensor S1 disposed on the display unit
PP, and the fingerprint sensor FPS disposed in a rear surface
of the substrate SUB.

Since the substrate SUB, the display unit PP, and the
fingerprint sensor FPS may be substantially the same as the
exemplary embodiments described above, a detailed
description thereof 1s omitted, and only the difference from
the exemplary embodiments described above will be mainly
described.

The first sensor S1 1s a sensor for sensing a touch position
when a user touches. The first sensor S1 may be a sensor of
various types known 1n the art, for example, a capacitive
type, a resistive type, or the like.

In exemplary embodiments, a sensor control unit SC may
control an operation of the fingerprint sensor FPS and the
first sensor S1. The sensor control unit SC may sense a
variation ol light 1n the fingerprint sensor FPS, thereby
sensing the fingerprint of the user, and may sense capaci-
tance, etc. of the first sensor S1, thereby sensing a touch
position according to a touch of the user. In exemplary
embodiments, the sensor control unit SC may simultane-
ously drive the fingerprint sensor FPS and the first sensor S1,
or sequentially drive these sensors.

In exemplary embodiments, the {first sensor S1 1s
described as being disposed on the display unit PP, but the
invention 1s not limited thereto. The first sensor S1 may be
disposed at other positions 1n addition to an upper of the
display unit PP. For example, the first sensor may be
disposed between the substrate SUB and the display unit PP,
or may be disposed inside the display unit PP.

As shown 1n FIG. 6, 1n the case where the first sensor S1
1s disposed inside the display panel PNL, the first sensor S1
may be itegrated with the display panel PNL. Accordingly,
an undesirable substrate SUB or layer may be removed,
thereby reducing the thickness of the display device DP and
manufacturing costs.

FIG. 8A illustrates an exemplary first sensor of a seli-
capacitance type that may be used 1n display devices of the
invention, and FIG. 8B illustrates an exemplary first sensor
of a mutual-capacitance type that may be used 1n display
devices of the mvention.

Referring to FIG. 8A, the first sensor S1 according to
exemplary embodiments may be a sensor of self-capacitance
type.

The first sensor S1 according to exemplary embodiments
may include a plurality of touch electrodes SS1, a plurality
of wires TRL, and a plurality of pads TRP disposed 1n one
ends of the wires TRL.

In exemplary embodiments, the touch electrodes SS1 are
shown and described as having a rectangular shape, but the
invention 1s not limited thereto. The touch electrodes S51
may be varied into various shapes. For example, each of the
touch electrodes SS1 has a circle shape. In addition, each of
the touch electrodes SS1 may extend 1n one direction to be
entirely a stripe shape.
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In the case where the touch electrodes SS1 extends 1n the
one direction, the extending direction may be variously
changed into a long side direction of a substrate SUB, a short

side direction thereof, a inclined direction thereof, or the
like.

The touch electrodes SS1 may include a conductive
material. For example, the conductive material may include
a metal, an alloy thereot, a conductive polymer, a conductive
metal oxide, or the like. In exemplary embodiments, the
metal may include copper, silver, gold, platinum, palladium,
nickel, tin, aluminum, cobalt, rhodium, iridium, iron, ruthe-
nium, osmium, manganese, molybdenum, tungsten, nio-
bium, tantalum, titanium, bismuth, antimony, lead, or the
like. The conductive metal oxide may include indium tin

oxide (ITO), mndium zinc oxide (IZ0), antimony zinc oxide
(AZ0O), mndium tin zinc oxide (ITZ0), zinc oxide (ZnO), tin
oxide (SnQO,), or the like. In exemplary embodiments, the
touch electrodes SS1 are made of a single-layer or a multi-
layer. The conductive polymer may include polythiophene
compound, polypyrrole compound, polyaniline compound,
polyacetylene compound, polyphenylene compound, and a
mixture thereotf, or the like, particularly PEDOT/PSS com-
pound of polythiophene compound. Since the conductive
polymer not only 1s easily manufactured, but also has higher
flexibility than conductivity metal oxide, e.g., ITO, the
probability of a crack occurring when bending may be
decreased.

The touch electrodes SS1 and the wires TRL may be
realized as a separate substrate SUB, or on various elements
included 1n the display device DP. For example, the touch
clectrodes SS1 and the wires TRL may be formed on the
display unit PP used 1n the display device DP.

In the case where the touch electrodes SS1 and the wires
TRL are realized as the separate substrate SUB, the substrate
SUB may be made of an insulating material such as glass,
resin, or the like. In addition, the substrate SUB may be
made of a flexible material to be bent or folded, and may
have a single-layer structure or a multi-layer structure. For
example, the substrate SUB may include at least one
selected from polystyrene, polyvinyl alcohol, polymethyl
methacrylate, polyethersulfone, polyacrylate, polyetherim-
ide, polyethylene naphthalate, polyethylene terephthalate,
polyphenylene sulfide, polyarylate, polyimide, polycarbon-
ate, triacetate cellulose, and cellulose acetate propionate.
However, the material forming the substrate SUB may be
variously changed, and the substrate SUB may be made of
a glass fiber reinforced plastics (GFRP), or the like.

The wires TRL may be disposed between the touch
clectrodes SS1 and the pads TRP so as to connect the touch
clectrodes SS1 and the pads TRP each other. In addition, the
wires TRL may be connected to the sensor control unit SC
through the pads TRP. For example, the pads TRP may be
connected to a sensor control unit SC through a separate
wire, a flexible printed circuit substrate, a tape carrier
package, a connector, a chip on film, or the like.

Since a self-capacitance of the touch electrodes SS1,
which 1s associated with a touch, 1s varied when the touch
1s 1nput 1n the first sensor S1, the sensor control unit SC may
detect a touch position by using a signal output from the
touch electrodes SS1.

Referring to FIG. 8B, the first sensor S1 according to
exemplary embodiments may be a sensor of a mutual-
capacitance type.

In addition, the first sensor S1 may include first touch
electrodes SSa, second touch electrodes SSb, wires TRL,
and pads TRP disposed at one ends of wires TRL.
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The first touch electrodes SSa may be longitudnally
tformed 1n one direction and may be arranged 1n plural 1n the
other direction intersecting the one direction. The second
touch electrodes SSb are disposed to be spaced apart the first
touch electrodes SSa, thereby functioning as a sensor of a
mutual-capacitance type with the first touch electrodes SSa.
For this purpose, the second touch electrodes SSb may be
disposed so as to intersect with the first touch electrodes
SSa. For example, the second touch electrodes SSb may be
longitudinally formed in the other direction and may be
arranged 1n plural in the one direction.

In exemplary embodiments, the first touch electrodes SSa
and the second touch electrodes SSb are shown and
described as having a diamond shape, but their shapes are
not so limited and may be variously changed. For example,
cach of the first touch electrodes SSa and the second touch
clectrodes SSb may have a circle shape. In addition, each of
the first touch electrodes SSa may have an eclongated,
stripe-type shape extending in one direction, each of the
second touch electrodes SSb may have an elongated, stripe-
type shape extending in other direction intersecting the first
touch electrodes SSa.

Since the first touch electrodes SSa and the second touch
clectrodes SSb are disposed as described above, a mutual
capacitance 1s formed between the first touch electrodes SSa
and the second touch electrodes SSb, and the mutual capaci-
tance associated with a touch 1s varied when the touch 1s
input 1n the first sensor S1. In order to prevent a contact
between the first touch electrodes SSa and the second touch
clectrodes SSb, an insulating layer 1s disposed between the
first touch electrodes SSa and the second touch electrodes
SSb. The mnsulating layer may be formed entirely between
the first touch electrodes SSa and the second touch elec-
trodes SSb, or may be formed only at each of cross-regions
between the first touch electrodes SSa and the second touch
clectrodes SSb.

The first touch electrodes SSa and the second touch
clectrodes SSb may be made of a transparent conductive
material, or of other conductive material such as an opaque
metal, etc. For example, the first touch electrodes SSa and
the second touch electrodes SSb may be formed of the same
material as the touch electrode described above.

The first touch electrodes SSa and the second touch
clectrodes SSb are shown and described as having a rect-
angular shape in FIG. 8B, but the shape of the first touch
clectrodes SSa and the second touch electrodes SSb may be
variously changed. In addition, the first touch electrodes SSa
and the second touch electrodes SSb may have a mesh
structure to add tlexibility.

The wires TRL may be disposed between the touch
clectrodes SS1 and the pads TRP so as to connect the touch
clectrodes SS1 and the pads TRP to each other. In addition,
the wires TRL may be connected to the sensor control unit
SC through the pads TRP. For example, the pads TRP may
be connected to a sensor control unit SC through a separate
wire, a flexible printed circuit substrate, a tape carrier
package, a connector, a chip on film, or the like.

The first touch electrodes SSa may receive a driving
signal from the sensor control unit SC, and the second touch
clectrodes SSb may output a sensing signal applying a

variation ol a capacitance to the sensor control umt SC.
Accordingly, the sensor control unit SC may detect a touch
position by using a sensing signal output from the second
touch electrodes SSb.
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The display device DP according to exemplary embodi-
ments may further include other sensor sensing a touch
pressure of a user i addition to the elements described
above.

FIG. 9 1s a cross-sectional view of another exemplary
display device DP taken along a line corresponding to a line

I-I' of FIG. 1. FIG. 10 1s a block diagram graphically
illustrating some of the components of an exemplary display

device DP according to exemplary embodiments.

Referring to FIGS. 9 and 10, a display panel PNL of the
display device DP according to exemplary embodiments
includes a substrate SUB, a display unit PP disposed on a
front surface of the substrate SUB, a first sensor S1 disposed
on the display unit PP, a bullering member BFM disposed on
the first sensor S1, a second sensor S2 disposed on the
buflering member BFM, and the fingerprint sensor FPS
disposed on a rear surface of the substrate SUB.

Since the substrate SUB, the display unit PP, the finger-
print sensor FPS, and the first sensor S1 may be substantially
the same as the exemplary embodiments described above,
detailed descriptions thereof are omitted, and only differ-
ences from the exemplary embodiments described above
will be mainly described.

The second sensor S2 1s a sensor for sensing a touch press
when a user touches. The second sensor S2 may be a sensor
of various types, for example, a sensor of a capacitive type
sensing a capacitance between the first sensor S1 and the
second sensor S2.

In exemplary embodiments, the type of the first sensor S1
and the second sensor S2 may be different from the type of
the fingerprint sensor. For example, while the fingerprint
sensor may be a sensor using light or an ultrasonic wave, or
the first sensor S1 and the second sensor S2 may be a sensor
sensing a capacitance variation. In addition, the sensing type
of the first sensor S1 may be the same as or different from
the sensing type of the second sensor S2. For example, the
first sensor S1 may be a sensor of a mutual-capacitance type,
and the second sensor S2 may be a sensor of a mutual force
sensor resistor (FSR). In exemplary embodiments, a case
where the second sensor S2 1s a capacitive type sensor
sensing a capacitance between the first sensor S1 and the
second sensor S2 will be described as an example.

A buflering member BFM may be disposed between the
first sensor S1 and the second sensor S2. Thus, the bullering
member BFM contacts the first sensor S1 and the second
sensor S2.

The buflering member BFM may serve to bufler an
external 1mpact, and may have an elastic force for this
purpose. For example, the bullering member BFM may be
varied by an external pressure, and when the external
pressure 1s removed, the bullering member BFM may have
an elastic force being capable of restoring itself to 1ts
original state again.

In addition, the butlering member BFM may be formed of
an insulation material to prevent an electric short between
the first sensor S1 and the second sensor S2.

The bullering member BFM may be made of a porous
polymer so as to have an elastic force. For example, the
buffering member BFM may have foam shape like sponge.
For example, the buflering member BFM may include
thermoplastic elastomer, polystyrene, polyolefin, polyure-
thane thermoplastic elastomers, polyamides, synthetic rub-
bers, polydimethylsiloxane, polybutadiene, polyisobutylene,
poly(styrene-butadienestyrene), polyurethanes, polychloro-
prene, polyethylene, silicone, etc. and compositions thereot,
but 1s not limited thereto.

[T
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The buflering member BFM according to exemplary
embodiments may be single or a plurality of divided shapes.
That 1s, the buflering members may be divided from each
other and may have various shapes.

In exemplary embodiments, the case where the bullering
member BFM 1s formed has been described, but the inven-
tive embodiments are not limited thereto. For example, an
air layer may be formed instead of the bullering member
BFM.

According to exemplary embodiments, the sensor control
unit SC may control an operation of the fingerprint sensor
FPS, the first sensor S1, and the second sensor S2. The
sensor control unit SC may sense hght variation of the
fingerprint sensor FPS, thereby sensing a fingerprint of a
user, and may sense a capacitance, etc. of the first sensor S1,
thereby sensing a touch position based on a user touch. In
addition, the sensor control unit SC may sense a capacitance,
ctc. of the second sensor S2, thereby sensing a touch
pressure based on the user touch.

According to exemplary embodiments, the sensor control
unit SC may simultaneously drive or sequentially drive the
operation of the fingerprint sensor FPS, the first sensor S1,
and the second sensor S2.

When the second sensor S2 1s pressed by the touch of a
user, etc., the thickness of the buflering member BFM
between the first sensor S1 and the second sensor S2 may
vary. Thus, the capacitance between the first sensor S1 and
the second sensor S2 may vary. Therefore, the intensity of a
pressure may be detected by using a capacitance variation of
the second sensor S2.

The pressure applied to the second sensor S2 may be
mainly generated by the touch of the user, but 1s not limited
thereto, and may be generated by other various means
known 1n the art.

The sensor control unit SC may sense capacitance varia-
tion between the first sensor S1 and the second sensor S2,
thereby detecting a pressure applied to the second sensor S2.

As shown 1n FIG. 9, 1in the case that the first sensor S1 and
the second sensor S2 are disposed inside the display panel
PNL, the first sensor S1 and the second sensor S2 may be
integrated with the display panel PNL. Accordingly, an
undesirable substrate SUB or layer may be removed, thereby
reducing a thickness of the display device DP and a manu-
facturing cost.

FIGS. 11A to 11C are plan views illustrating a second
sensor S2 according to exemplary embodiments.

Referring to FIG. 11A, the second sensor S2 according to
exemplary embodiments may include a touch electrode SS,
a wire TRL, and pad TRP disposed in one end of the wire
TRL

The touch electrode SS may cover all or most of the first
area Al and the second areca A2 and be formed as an
inseparable integral shape, e.g., a planar shape.

In exemplary embodiments, an identification pattern may
be disposed 1n the first area A1 or 1n a portion adjacent to the
first area Al 1n the second area A2 so that the position of a
fingerprint sensing area, 1.¢., the first area Al 1s recognized
to a user. The i1dentification pattern functions etfectively as
long as the user may identify the first area A1, and the shape
or position thereol 1s not so limited. For example, the
identification pattern may be disposed along an edge of the
first area A1, and the identification pattern may be formed as
a black matrix. In exemplary embodiments, when the 1den-
tification pattern 1s formed as a black matrix, the i1dentifi-
cation pattern may be formed with another black matrix,
which shields light in other area, 1n a rear surface of a
window.
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The touch electrode SS may include a conductive mate-
rial. For example, the conductive material may include a
metal, an alloy thereof, a conductive polymer, a conductive
metal oxide, or the like. In exemplary embodiments, the
metal may include copper, silver, gold, platinum, palladium,
nickel, tin, aluminum, cobalt, rhodium, 1ridium, iron, ruthe-
nium, osmium, manganese, molybdenum, tungsten, nio-
bium, tantalum, titanium, bismuth, antimony, lead, or the
like. The conductive metal oxide may include indium tin
oxide (ITO), indium zinc oxide (1Z0), antimony zinc oxide
(AZ0O), indium tin zinc oxide (ITZ0), zinc oxide (ZnO), tin
oxide (Sn0,), or the like. In exemplary embodiments, the
touch electrodes SS1 are made of a single-layer or a multi-
layer.

In exemplary embodiments, the conductive polymer may
include polythiophene compound, polypyrrole compound,
polyaniline compound, polyacetylene compound, polyphe-
nylene compound, and a mixture thereof, or the like, par-
ticularly PEDOT/PSS compound of polythiophene com-
pound. The conductive polymer may be easily manufactured
by using wet-coating, and may be particularly manufactured
by using a roll-to-roll method.

Since the conductive polymer has higher flexibility than
conductivity metal oxide, e.g., ITO, a probability of a crack
may be decreased when bending.

Particularly, the PEDOT/PSS compound may have a
relatively lower resistance and a relatively higher light
transmittance. In addition, since the conductive polymer has
a refractive index similar to that of the substrate SUB or an
adhesive, the relative light loss may be small. In exemplary
embodiments, since the sheet resistance and the light trans-
mittance of a layer, which 1s made of PEDOT/PSS, may
have substantially the same as the sheet resistance and the
light transmittance a conductive layer made of indium-tin-
oxide respectively, the layer may have a sheet resistance of
about 100 W/sq to about 300 W/sq, preferably 150 W/sq and
a light transmittance of more than about 80%, preferably
more than about 88%. In addition, PEDOT/PSS may have a
haze of 0.4% and a light loss rate of about 4.1%.

The wire TRL may be disposed between the touch elec-
trode SS and the pad TRP so to connect the touch electrode
SS and the pad TRP to each other. In addition, the wire TRL
may be connected to the sensor control unit SC through the
pad TRP. For example, the pad TRP may be connected to a
sensor control unit SC through a separate wire, a flexible
printed circuit substrate, a tape carrier package, a connector,
a chip on film, or the like.

In exemplary embodiments, the touch electrode SS of the
second sensor S2 may have various shapes.

Referring to FIG. 11B, the second sensor S2 according to
exemplary embodiments may be formed from a plurality of
touch electrodes SS2 1n a similar manner as a touch sensor
of a self-capacitance type. That 1s, the second sensor S2 may
include a plurality of touch electrodes SS2, a plurality of
wires TRL, and a plurality of pads TRP disposed 1n one ends
of the wires TRL.

In exemplary embodiments, the second sensor S2 may
include the plurality of touch electrodes SS2, thereby sens-
ing pressure of a multi-touch as well as a single-touch.

The second sensor S2 may have a structure capable of
sensing a single capacitance variation or a plurality of
capacitance variations with the first sensor S1, but the
configuration of the second sensor S2 1s not limited thereto.
For example, the second sensor S2 may have a shape similar
to that of a mutual-capacitance type touch sensor.

Referring to FIG. 11C, the second sensor S2 according to
exemplary embodiments may be similar to that of FIG. 11A,
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but the touch electrode SS3 may be divided nto one portion
in the first area A1 and the other portion in the second area
A2. An 1dentification pattern may be disposed 1n a portion of
the first area Al and the second area A2 separated from each
other, for example, in the first area Al or 1n a portion of the
second area A2 adjacent to the first area Al so that the
position of a fingerprint sensing area, 1.e., the first arca Al
1s recognized by a user. The identification pattern functions
cllectively as long as the user may identify the first area Al,
but the shape or position thereof 1s not so limited. For
example, the identification pattern may be disposed along an
edge of the first area Al, and the identification pattern may

be formed as a black matrix.
The touch electrode SS3 of the first area Al and the

segregated second area A2 may be electrically connected to

cach other through a separate wire, etc. Alternatively, each
of the touch electrodes SS3 of the first area Al and the
segregated second area A2 may be connected to the sensor
control unit SC through a separate wire, etc.

The display device DP according to exemplary embodi-
ments may sense a fingerprint, a touch position, and/or a
touch pressure i various ways by using the fingerprint
sensor FPS, the first sensor S1, and the second sensor S2.

FIG. 12 1s a cross-sectional view of another exemplary
display device DP taken along a line corresponding to a line
I-I' of FIG. 1. FIG. 13 1s a plan view 1llustrating a {irst sensor
S1 1n the display device of FIG. 12.

A display panel PNL of the display device DP according
to exemplary embodiments includes a substrate SUB, a
display unit PP disposed on a front surface of the substrate
SUB, a first sensor S1 disposed on the display unit PP, a
buflering member BFM disposed on the first sensor S1, a
second sensor S2 disposed on the buflering member BFM,
and the fingerprint sensor FPS disposed on a rear surface of
the substrate SUB.

Since the substrate SUB, the display unit PP, the finger-
print sensor FPS, and the second sensor S2 may be substan-
tially the same as the exemplary embodiments described
above, detailed descriptions thereof are omitted, and the
differences from the exemplary embodiments described
above will be mainly described.

In exemplary embodiments, the first sensor S1 may be
described as a sensor of a self-capacitance type for conve-
nience ol description, but 1s not limited thereto and the first
sensor S1 may be a sensor of various types. For example, the
first sensor S1 may be a sensor of a mutual-capacitance type.

In exemplary embodiments, the first sensor S1 may be
substantially disposed only 1n the second area A2 of the first
area Al and the second area A2. In the first sensor S1, the
first area Al has a hole HL., and the first sensor S1 is not
disposed 1n the hole HL. That 1s, the touch electrodes SS1 of
the first sensor S1 are not formed 1n the hole HL of the first
arca Al.

According to exemplary embodiments, 1n the first area
Al, the fingerprint sensor FPS may be used as the touch
position sensor, and the second sensor S2 defines a capaci-
tance with a conductor disposed in the fingerprint sensor
FPS, thereby sensing a pressure. In other words, a fingerprint
of a user may be recognized by using the fingerprint sensor
disposed 1n the first area Al, but a touch position and a touch
pressure may be recognized by using different sensors in the
first area A1l and the second area A2. That 1s, 1n the first area
Al, the touch position may be sensed by using the finger-
print sensor FPS, and the touch pressure may be sensed by
using the fingerprint sensor FPS and the second sensor S2.
In the second area A2, the touch position may be sensed by
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using the first sensor S1, and the touch pressure may be
sensed by using the first sensor S1 and the second sensor S2.

In the display device DP according to exemplary embodi-
ments described above, at least a portion of the display
device DP may have flexibility or not have flexibility.
Elements including in the display device DP, for example,
the display panel PNL or the window WD may also sepa-
rately have flexibility so that the display device DP may
have flexibility. For example, the display device DP may
include a flexible area having flexibility and/or a rigid area
having no tlexibility depending on a degree of tlexibility. In
the case where the display device DP has flexibility, the
display device DP may be folded. If a virtual line over which
the display device DP 1s folded 1s called as a folding line, the
folding line may be disposed 1n the flexible area.

Herein, the term “may be folded” does not necessarily
mean a general folded state of an object and 1s not limited
to a fixed form; rather, it may include a state in which a
certain form may change into another form. For example,
“may be folded” may refer to being folded, bended, curved,
or rolled along at least one predetermined line, that 1s, the
folding line. Theretfore, the display device DP may have
flexibility, even 1f 1t may be not folded or may be actually
folded 1n the flexible area.

Herein, in the flexible area and the rigid area, the terms as
“having flexibility” or “not having flexibility” and “tlexible”
or “rigid” are expressions relatively showing properties of
the display device DP. More specifically, the expressions
“not having flexibility” and “rigid” refer to not only those
instances where a material does not have flexibility at all and
thus 1s hard, but also to those instances where a material has
flexibility that 1s less than that of the flexible area. Accord-
ingly, the rigid area may have relatively small flexibility
compared to the tlexible area or may not have any flexibility.
Even upon a condition that the flexible area 1s folded, the
rigid area may not be folded.

In exemplary embodiments, the folding line, the flexible
area, or the rigid area may be variously changed. For
example, the display device DP may include both the
flexible area and the rnigid area, but may include only the
flexible except the rigid area. In addition, single or plural
folding lines may be provided. If necessary, the folding line
may be provided in various positions along the display, and
in this case, the display device DP may be entirely rolled.

FIG. 14 1s a perspective view 1llustrating a display device
DP constructed according to the principles of the invention,
FIG. 15A 1s a cross-sectional view illustrating the display
device DP of FIG. 14 1n a folded position, and FIG. 15B 1s
a cross-sectional view 1llustrating the display device DP of
FIG. 14 1n a rolled position.

As shown 1 FIG. 14, the display device DP may be
formed as a flat shape, but at least a portion of the display
device DP may vary, thereby being formed as other shape.

Referring to FIGS. 15A and 135B together with FIG. 14, at
least a portion of the display device DP in exemplary
embodiments may have flexibility, or the entire display
device DP may have flexibility.

Since the display device DP has flexibility, the display
device DP 1s folded as shown in FIG. 14A or 1s rolled as
shown 1n FIG. 14B 1n a flexible area.

The folding line, 1n which the display device DP 1s folded,
may pass through a center portion of the display device DP
and may be parallel with the second direction D2. However,
the position of the folding line 1s not limited thereto. The
folding line may be disposed 1n a direction parallel with the
first direction D1 and may be disposed in an inclined
direction with reference to the first direction D1 or the
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second direction D2. In addition, it 1s needless to say that the
folding line need not pass through the center of the display
device DP. Further, when being folded about the folding line,
the display device DP may be folded so that a front surface
displaying an image becomes an mnner side or an outer side.
Alternatively, when the display device DP 1s folded about a
plurality of folding lines, one portion thereol may be folded
so that the front surface becomes the mnner side and other
portion thereof may be folded so that the front surface
becomes the outer side.

Reference number D3 means a third direction perpen-
dicular to each of the first direction and the second direction.

The display device DP may be rolled so that one side faces
other side. A rolling direction of the display device DP may
be the first direction D1 or the second direction D2. How-
ever, the rolling direction 1s not limited thereto and may be
an inclined direction with reference to the first direction D1
or the second direction D2. In addition, 1n the display device
DP, a rolling area may be a portion of the display device DP,
and an enftire area thereol may be also rolled.

As described above, exemplary embodiments of the
invention provide a display device capable of enhancing a
security function by including a fingerprint sensor having
improved sensitivity. Further, exemplary embodiments pro-
vide a high-quality display device in which resolution of the
area including the fingerprint sensor 1s substantially the
same as resolution of an area not including the fingerprint
SENnsor.

In addition, exemplary embodiments provide a display
device which 1s capable of sensing a touch position and a
touch pressure while also sensing the fingerprint, whereby
enhancing a convenience of use.

The display device according to exemplary embodiments
may be applied to various electronic devices. For example,
the display device may be applied to various wearable
devices such as a television, a laptop, a mobile phone, a
smart phone, a smart pad, a PMP, a PDA, a navigation
system, a smart watch, etc.

Although certain exemplary embodiments and implemen-
tations have been described herein, other embodiments and
modifications will be apparent from this description.
Accordingly, the inventive concepts are not limited to such
embodiments, but rather to the broader scope of the pre-
sented claims and various obvious modifications and equiva-
lent arrangements.

What 1s claimed 1s:

1. A display device comprising:

a substrate including, 1n a plan view, a first area having a
first light transmittance and a second area adjacent to
the first area with a second light transmittance;

a plurality of pixels disposed on a first surface of the
substrate to display an 1image on the first surface; and

a photo sensor disposed in the first area on a second
surface ol the substrate, the second surface being
disposed opposite the first surface and not configured to
display 1mages,

wherein the first light transmittance 1s greater than the
second light transmittance,

wherein the first area includes a light emitting area having
a first size 1n which an image 1s displayed and a light
transmission area having a second size 1n which light 1s
transmitted therethrough, the light transmission area
being different from the light emitting area, and

wherein the first size 1s smaller than the second size.

2. The display device of claim 1, wherein the plurality of

pixels imclude at least one first pixel 1n the first area and a
second pixel 1n the second area.
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3. The display device of claim 2, wherein the first pixel
includes the light emitting area and the light transmission
area.

4. The display device of claim 3, wherein the first pixel
includes at least one first sub-pixel disposed in the light
emitting area, and

the first sub-pixel comprises:

a first electrode disposed on the substrate;
an emission layer disposed on the first electrode; and
a second electrode disposed on the emission layer.

5. The display device of claim 4, further comprising an
isulating layer disposed between the substrate and the first
electrode, and

wherein the 1nsulating layer extends into the transmission

area.

6. The display device of claim 5, further comprising at
least one of a pixel defining layer and passivation layer
disposed above the substrate, and wherein the insulating
layer extends into at least one of the pixel defining layer and
the passivation layer.

7. The display device of claim 4, wherein the first elec-
trode and the second electrode extend across the transmis-
s10n area.

8. The display device of claim 4, wherein the first sub-
pixel turther includes at least one structure selected from the
group of a hole injection layer, a hole transport layer, an
clectron transport layer, and an electron 1njection layer, the
at least one structure being disposed between the first
electrode and the second electrode, and

wherein the at least one structure extends across the

transmission area.

9. The display device of claim 4, wherein the second pixel
includes at least one second sub-pixel, and

a size of the first sub-pixel 1s smaller than a size of the

second sub-pixel.

10. The display device of claim 9, wherein each of the first
sub-pixel and the second sub-pixel emits one wavelength of
light selected from the group of red light, green light, and
blue light.

11. The display device of claim 3, wherein a size of the
first pixel 1s the substantially same as a size of the second
pixel.

12. The display device of claim 1, further comprising a
first sensor disposed on the substrate to sense a touch
position mmput by a user.

13. The display device of claim 12, wherein the first
sensor 1s a touch sensor of a self-capacitance type or a touch
sensor ol a mutual-capacitance type.

14. The display device of claim 12, wherein the first
sensor ncludes:

a first touch electrode; and

a second touch electrode spaced apart from the first touch

clectrode and forming a capacitance with the first touch
clectrode.

15. The display device of claim 14, wherein the first touch
clectrode comprises a mesh structure.

16. The display device of claim 14, wherein the first touch
clectrode comprises a conductive polymer.

17. The display device of claim 12, further comprising a
second sensor configured to sense a touch pressure and
disposed on the first surface of the substrate spaced apart
from the first sensor.

18. The display device of claim 17, wherein the second
sensor comprises a conductive polymer.

19. The display device of claim 18, wherein the first
sensor has a hole 1n the first area and touch electrodes of the
first sensor are disposed 1n the second area.
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20. The display device of claim 19, wherein touch elec-
trodes of the second sensor comprise a portion in the first
area and a portion in the second area.

21. The display device of claim 17, wherein the type of the
first sensor 1s different from the type of the second sensor.

22. The display device of claim 1, wherein at least one
portion of the display device 1s flexible.

23. The display device of claim 22, wherein the display
device 1s bendable or rollable.

24. The display device of claim 3, wherein the light
transmission area 1s free of any light emitting components.

25. The display device of claim 1, wherein the first surface
comprises a front surface of the substrate and the second
surface comprises a rear surface of the substrate.

26. A display device comprising;:

a substrate including, 1n a plan view, a first area having a
first light transmittance and a second area adjacent to
the first area having a second light transmittance;

a plurality of pixels disposed on a first surface of the

substrate to display an image on the first surface; and
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a first sensor disposed on the first surface of the substrate
to sense a touch position;

a second sensor disposed on the first surface of the
substrate spaced apart from the first sensor to sense
pressure applied by touch from a user; and

a photo sensor disposed in the first area on a second
surface of the substrate, the second surface being
disposed opposite the first surface and not configured to
display 1images,

wherein the first area includes a light emitting area having
a first size configured to display an image and a light
transmission area having a second size configured to

transmit light, the light transmission area being difler-
ent from the light emitting area, and

wherein the first size 1s smaller than the second size.

27. The display device of claim 26, wherein the light
transmission area 1s free of any light emitting components.
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